A dramatic maturational process ongoing in adolescence is prefrontal cortex development, including its dopamine innervation. Dopamine axons grow from the striatum to the prefrontal cortex, the only known case of long-distance axon growth during adolescence. This is coordinated by the Netrin-1 guidance cue receptor DCC (deleted in colorectal cancer), which in turn controls the intrinsic development of the prefrontal cortex itself. Stimulant drugs in adolescence alter DCC in dopamine neurons and, in turn prefrontal cortex maturation, impacting cognitive abilities. Variations in DCC expression are linked to psychiatric conditions of prefrontal cortex dysfunction, and microRNA regulation of DCC may be key to determining adolescent vulnerability or resilience. Since early interventions are proving to effectively ameliorate disease outcome, the Netrin-1 system is a promising therapeutic target.
Adolescence as a Period of Behavioural and Cognitive Transition
Adolescence is the time when individuals must negotiate the transition between childhood and adulthoodatseverallevels(molecular,cellular,physical,andsocial).Thistransitionrequiresadiverse knowledge and skill set pertaining to independent living and the ability to navigate emotional, social, andpsychologicalstimulifarmorevariedandcomplexthanthoseexperiencedduringchildhood.As such, adolescence is characterised by dramatic behavioural and cognitive changes.
Concurrent with and underlying these adolescent changes is ongoing brain development, in particular at the level of the prefrontal cortex (PFC; see Glossary). This region, heavily involved in the complex cognitive and social processes that mature during adolescence, continues to develop into early adulthood (e.g., [1]). One of the key changes to the PFC during adolescence is that its dopamine input continues to increase [2] [3] [4] [5] [6] . This dopamine growth in the PFC is unique; maximum innervation levels of other neuromodulators are typically reached before the onset of adolescence [7] . Furthermore, protracted dopamine innervation to the PFC is important for various aspects of prefrontal function, including working memory, affective processing, reasoning, planning, attention, inhibitory control, and the calibration of risk and reward (e.g., [8] ). Not surprisingly, these are among the cognitive processes that are still maturing throughout adolescence [9] . In fact, adolescent changes in some cognitive functions appear to occur in parallel to mesocortical dopamine maturation [3, 10, 11] .
Given that prefrontal dopamine fibres continue to increase in density during adolescence, they may be particularly vulnerable to external influences, both positive and negative. Alterations in dopamine connectivity and activity have been linked to cognitive dysfunction observed across various psychiatric conditions [12] . The delayed dopamine connectivity in the PFC during adolescence may underlie, at least in part, the heightened risk of developing mental disorders [13] . Therefore, external influences that can affect adolescent prefrontal dopamine development may have the potential to either exacerbate or protect against the risk of developing certain psychiatric conditions. Trends Dopamine axons grow from the nucleus accumbens to the prefrontal cortex during adolescence; this is the only known case of adolescent longdistance axon growth.
The Netrin-1 receptor DCC is responsible for coordinating this growth.
These axons are particularly vulnerable to environmental effects, including recreational drug use, during adolescence and are strategically localised to profoundly influence prefrontal cortex structure and function.
Changes in DCC gene expression in humans are linked psychiatric conditions involving prefrontal cortex dysfunction, including schizophrenia and depression.
DCC gene expression is under microRNA control, which may act as a link between environmental factors and prefrontal cortex development.
